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EchocardiographyAbstract Background: Obesity predisposes to left ventricular dysfunction and heart failure, early
detection of associated subclinical cardiac changes has important diagnostic and prognostic values.
2D strain and strain rate allow detection of subtle abnormalities of global and regional left ventric-
ular systolic and diastolic functions.
The study aimed to assess the effect of obesity on LV function by 2D strain and strain rate.
Methods and results: 30 obese patients (31.7 ± 6.7 years) without apparent cardiovascular disease
were enrolled and ﬁfteen sex and age-matched non-obese healthy individuals were recruited as con-
trol group, all patients and controls underwent assessment by complete conventional echo and 2D
based strain and strain rate (longitudinal, radial and circumferential).
Conventional echo demonstrated that obese patients had increased LV dimension (P 0.04), LA
dimension (P 0.01) and left ventricular wall thickness, and impairment of diastolic function (E/A
0.98 ± 0.2 vs 1.4 ± 0.3 P 0.002) while no affection of systolic function could be detected.
By deformation imaging, there was a reduction in circumferential strain (17.8 ± 3.4 vs
20.7 ± 2.1 P 0.004) and longitudinal strain (apical 4 view 19.4 ± 2.6 vs 21.4 ± 2.6 P 0.02, api-
cal 3 view 17.5 ± 3.7 vs 20.9 ± 3.8 P 0.01). Similarly systolic strain rate (SRsys) and early dia-
stolic SR (SRe) reduced signiﬁcantly in longitudinal and circumferential directions. On the contrary
radial S and SR did not show any signiﬁcant changes between both groups and did not correlate
with the degree of obesity.
Conclusions: Although EF was not different between obese patients and controls, LV longitudinal
and circumferential strain and strain rate by 2D speckle tracking were lower in the obese group.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.ension;
diastolic
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Obesity is a chronic, progressive disease with increasing preva-
lence in both developed and developing countries; it represents
an independent risk factor for hypertension, diabetes mellitus,
dyslipidemia, and cardiovascular diseases, such as coronary
artery disease, atrial ﬁbrillation, and congestive heart failure.1–3
Obesity increases cardiac workload by increasing total
blood volume and cardiac output. Incremental increases in left
and right ventricular ﬁlling pressures and volumes may ulti-
mately produce chamber dilatation and subsequent ventricular
dysfunction.2 Many studies have shown eccentric LV hypertro-
phy, LV diastolic dysfunction, and occasionally LV systolic
dysfunction in long standing obesity.3–10
Early detection of subclinical pathological cardiac changes
associated with obesity would be important to potentially
inﬂuence the initiation of treatment and to prevent progression
to heart failure.1–3
The LV myocardium consists of circumferential ﬁbers in
the mid-wall layer and longitudinal ﬁbers in the endocardial
and epicardial layers and myoﬁber orientation changes contin-
uously from right-handed helix in subendocardium to left-
handed helix in subepicardium.11 LV function is determined
by the sum of contraction and relaxation in these 3 layers.12
Recently, a 2D strain echocardiographic method13–14 has
been introduced that measures myocardial deformation by
tracking localized acoustic markers frame by frame (speckle
tracking). This method has been used for noninvasive assess-
ment of regional myocardial strain in the left15 and the right16
ventricle, avoiding the angular sensitivity of tissue Doppler
echocardiography.
Two-dimensional speckle tracking imaging is an adequate
method for assessing ventricular function and detecting sub-
clinical dysfunction.17 Different from Doppler-based strain,
speckle tracking is angle-independent and allows measuring
deformation in two dimensions, being more accurate and
reproducible. Although good-quality image is necessary for
speckle tracking measurement, it is a very accurate and easy
to obtain this method.18–19
The aim of the present study was to assess the ability of
strain and strain rate imaging technique to detect the abnor-
malities in LV function in patients with isolated obesity.
2. Patients and methods
2.1. Patient selection
Thirty obese patients (12 males and 18 females with mean age
31.7 ± 6.7 years) without apparent cardiovascular disease
were recruited from obesity clinic in Menouﬁa University
and (15) age and sex matched, normal weight healthy individ-
uals as control group. All participants provided informed con-
sent and the study protocol was approved by the institutional
ethics committee.
Obesity was deﬁned as a body mass index (BMI) of
P30 kg/m2 and normal weight as a BMI of <25 kg/m2.20
Obese patients were classiﬁed into three classes; patients
with mild obesity (BMI, 30–34.9 kg/m2; n= 10), patients with
moderate obesity (BMI, 35–39.9 kg/m2; n= 10) and patients
with severe obesity (BMI P40 kg/m2; n= 10).20Each subject’ weight (kg) was determined by using a
mechanical scale, and height was determined while the subject
standing without shoes.
The waist circumference was measured at the part of the
trunk located midway between the lower costal margin and
the iliac crest at the end of expiration while the subject was
standing with feet about 25–30 cm apart. The BMI was calcu-
lated as weight in kilograms divided by the square of height by
meters.
Evidence of clinical cardiovascular disease was excluded by
detailed history, thorough clinical examination, 12 lead ECG
and complete echocardiogram. Patients who complained of
chest pain were evaluated by exercise stress tests MPI to
exclude coronary artery disease.
We excluded subjects with poor quality echocardiographic
images, hypertension, diabetes mellitus, coronary artery dis-
ease, heart failure, obstructive sleep apnea syndrome, primary
cardiac valve disease, atrial ﬁbrillation, and other system
diseases.
2.2. Conventional echocardiography
Echocardiographic examination was done by using the com-
mercially available Vivid 9, General Electric Healthcare, GE
Vingmed, Norway equipped with a 1.7–4 MHz phased-array
transducer. Echocardiographic imaging was obtained in the
parasternal long- and short-axis, and apical 2, 3 and 4-cham-
ber views using standard transducer positions.
LV end-diastolic and end-systolic diameters, septal and
posterior wall thickness, ejection fraction and left atrial diam-
eter were measured in accordance with the recommendations
of the American Society of Echocardiography.21–22
Pulsed and continuous-wave Doppler was used for valvular
assessment.
2.3. Strain and strain rate measurement
 For obtaining the longitudinal strain and SR, three cycles
from apical views: 4, 2 and 3 chamber views were taken
and another three cycles from the short axis view at the level
of the LV papillary muscles for circumferential and radial S
and SR.
 Frame rate was selected between 40–90 or at least 40%
of HR. Then after activation of automated function
imaging (AFI), digital data were transferred for off-line
analysis, using Vivid Nine system Echo Pac, GE Ving-
med, Horton, Norway where peak systolic strain (Ssys),
peak systolic strain rate (SRsys), early diastolic strain
rate (SRe) and late diastolic strain rate (SRa) were mea-
sured (Figs. 1–3).
2.4. Statistical analysis
Using statistical package for the social science software (SPSS)
version 16, data from the patients and controls were collected
and subjected to statistical analysis.
The level of signiﬁcance is 95%. So P value >0.05 was con-
sidered a non-signiﬁcant result, P value <0.05 was considered
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signiﬁcant result.
3. Results
The study included 30obese patients (mean age 31.1 ± 6.7 years)
who were further classiﬁed to mild, moderate and severe obesity
according to the BMI, these patients were compared with 15 sub-
jects as the controls (mean age 30.5 ± 4.7 years).
In our study weight, BMI and waist circumference were sig-
niﬁcantly higher in obese patients in comparison to the con-
trols (Table 1).
3.1. Conventional echocardiography
LA dimension, LVEDD, LV wall thickness and LV mass were
signiﬁcantly higher in the obese group than the controls, while
there were no differences regarding FS, EF and LV mass
index. Furthermore, the diastolic function was more impaired
in obese patients compared to the controls as evidenced by
decreasing E velocity and E/A ratio in the obese group
(Table 2).
3.2. Speckle tracking analysis
Strain and strain rate values of both obese and control subjects
are depicted in Table 3. The global circumferential strain was
signiﬁcantly lower in obese patients than the controls
(P 0.004). Similarly longitudinal strain has a signiﬁcant reduc-
tion in obese patients compared to the controls in both apical
long axis and apical 4 views with P value 0.01 and 0.02
respectively.Figure 1 Longitudinal strain in apicaThe systolic strain rate (SRsys) and the early diastolic strain
rate (SRe) values were signiﬁcantly lower in obese patients in
the circumferential and longitudinal directions.
On the contrary late diastolic strain rate (SRa) and the
radial (strain and strain rate) did not show any signiﬁcant dif-
ference between both groups (Table 3).
Interestingly, among the obese patient group, the global
strain, systolic (SRsys) and early diastolic (SRe) strain rate
decreased with increasing the degree of obesity in circumferen-
tial and longitudinal directions as it is outlined in Table 4,
where these values were signiﬁcantly reduced in patients with
morbid obesity compared to the patients with mild or moder-
ate obesity. While late diastolic strain rate (SRa) in circumfer-
ential and longitudinal directions and radial (strain and strain
rate) did not change with increasing degree of obesity.
BMI was negatively correlated with systolic strain and
strain rate (SRsys and SRe) in circumferential and longitudinal
directions in obese patients (Table 5).
4. Discussion
The present study showed that LV strain and strain rate values
were reduced in obese patients when compared with the con-
trols, which may suggest incipient systolic involvement early
in the process of obesity. Several mechanisms have been pro-
posed to explain ventricular dysfunction, such as an increased
mass in response to a larger intravascular volume, increased
preload and increased afterload.23
In Our study, there were signiﬁcant increases in LA dimen-
sion and LV dimensions in obese patients compared to the con-
trols. This ﬁnding is similar to Barbosa et al.19 Drabik et al.24
and Di Salvo et al.25 who found that LA dimension and LV
dimensions were signiﬁcantly larger in the obese group.l long axis view in obese patients.
Figure 2 Longitudinal strain rate in apical 2 view in obese patients.
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Obesity is independently associated with increased LV mass,
and eccentric hypertrophy is the most common form present
in this metabolic disorder.26 The present study has shown
increased LV mass in obese patients compared to the controls.
The increase in LV mass occurs to compensate for the higher
haemodynamic load in obese patients.5
This goes in harmony with Barbosa et al. who studied 50
obese children and adolescents and found that LV mass was
signiﬁcantly higher in obese group than the controls.19
6. LV systolic function in obesity
In the present study, conventional indices of systolic function,
such as EF, did not differ between both groups; this can be
explained by the inﬂuence of pre- and afterload in EF. There-
fore, EF may not be a good index to express systolic function
in obesity, since this metabolic abnormality is known to be
associated with increased pre- and afterload.27
This ﬁnding is similar to Barbosa et al.19 Drabik et al.24 and
Koshino et al.28 who found no signiﬁcant difference in EF
between obese patients and the controls.
7. LV diastolic function in obesity
Obesity can alter diastolic ﬁlling parameters because of altered
load conditions, as well as owing to increased LV mass, left
ventricular hypertrophy determines an impairment of left
ventricular diastolic function, essentially in the late diastolic
passive phase, linked to increased myocardial stiffness;
this alteration is considered an early event of heart
involvement in obese subjects followed by the impairment of
systolic function.29In the present study, E velocity and the E/A ratio were sig-
niﬁcantly lower in the obese group, suggesting that an abnor-
mal relaxation pattern is present even at the early stages of
obesity.8. 2D strain and strain rate (speckle tracking)
In the present study systolic strain (S) and systolic strain rate
(SRsys) decreased signiﬁcantly in obese patients in longitudi-
nal and circumferential directions while radial strain and strain
rate did not change signiﬁcantly between the two groups.
A similar ﬁnding by Saltijeral et al.30 evaluated 30 obese
patients in comparison with 42 normal individuals by 3D
strain and they found impairment of systolic circumferential
and longitudinal strain and SR while there was an increase
in radial strain in the patient group.
Barbosa et al.19 concluded that LV 2D speckle tracking lon-
gitudinal strain was lower in the obese group, even in the
absence of other comorbidities, indicating that obesity effects
on LV function is an early ﬁnding in obesity.
Tumuklu et al.5 found subclinical changes in LV systolic
function detected by strain and strain-rate imaging. In a study
involving morbidly obese patients, reported decreased LV
strain in these patients.
Similar to the present study, Lorch et al.31 and Di Salvo
et al.25 analyzed cardiac effects of obesity in non-hypertensive
children and found similar results to those reported for adults,
suggesting that obesity exerts an early effect on ventricular
function.
Koopman et al.32 in a pilot study analyzing cardiac and
vascular function in obese children with lipid abnormalities
found reduced systolic LV deformation characteristics, early
vessel wall changes, and increased arterial stiffness suggesting
an abnormal ventricular–vascular interaction.
Figure 3 Radial strain (above) and strain rate (below) in obese patients.
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tolic and diastolic heart function in severely obese patients and
they concluded that systolic and diastolic circumferential and
systolic radial strain and SR were decreased in the obese sub-
jects, whereas longitudinal strain did not differ signiﬁcantly.
We did not have a clear explanation for their results regard-
ing reduction of radial strain and strain rate and preservation
of longitudinal strain in obese patients as all previously men-tioned studies documented a reduction of longitudinal strain
in obese patients.
When LV diastolic function was assessed by SR there was a
reduction in the early diastolic strain rate (SRe) in longitudinal
and circumferential directions.
These results agreed with Di Bello et al.29 who found a sig-
niﬁcant reduction in early diastolic strain rate (SRe) in 48
patients with severe obesity.
Table 1 Demographic data of both groups.
Obese (n= 30) Normal (n= 15) T test P value
Age 31.1 ± 6.7 30.5 ± 4.7 0.6 0.537
Sex (F/M) 18/12 9/6 0.001 0.98
Weight 100.4 ± 16.9 69.9 ± 6.6 6.7 <0.001
Height 156.8 ± 30.5 167.6 ± 4.2 1.35 0.182
BMI 38.2 ± 4.9 24.8 ± 1.5 10.17 <0.001
Waist circumference 101.5 ± 12.6 82.3 ± 3.9 5.7 <0.001
F/M: female/male; BMI: body mass index.
Table 2 Comparison between normal and obese patients regarding the conventional echo parameters.
Conventional echo Obese (n= 30) Normal (n= 15) P value
AO, mm 28.8 ± 3.6 27 ± 2.4 0.088
LA, mm 38.8 ± 3.9 31.9 ± 3.2 0.01
IVS, mm 8.2 ± 1.4 7.5 ± 0.7 0.02
LVEDD, mm 5.3 ± 2.2 47.9 ± 2.9 0.04
LVESD, mm 30.6 ± 2.5 29.8 ± 2.8 0.356
LVPWD, mm 8.2 ± 1.2 7.3 ± 0.5 0.012
EF 67.3 ± 4.1 68.7 ± 4.6 0.294
FS 37.5 ± 3.3 39.2 ± 3.9 0.141
LV, mass gram 140.6 ± 29.8 122.9 ± 19.4 0.044
LV, mass index g/m2 68.6 ± 11.6 69.9 ± 10.4 0.711
E, cm/s 70.2 ± 16.8 84.2 ± 7.3 0.04
A, cm/s 76.7 ± 11.5 53.8 ± 8.3 0.01
E/A 0.98 ± 0.2 1.4 ± 0.3 0.002
AO: aorta; LA: left atrium; IVS: interventricular septum; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic
diameter; LVPWD: left ventricular posterior wall diameter; EF: ejection fraction; FS: fractional shortening; LV: left ventricular; E: early
diastolic mitral inﬂow velocity; A: late diastolic mitral inﬂow velocity.
Table 3 Comparison between normal and obese patients as regarding the strain and strain rate parameters.
Obese (n= 30) Normal (n= 15) P value
Circumferential
SRsys 1/s 1.3 ± 0.8 1.5 ± 0.1 0.04
SRe 1/s 1.7 ± 0.5 1.9 ± 0.4 0.04
SRa 1/s 0.8 ± 0.2 0.9 ± 0.2 0.06
Global strain% 17.8 ± 3.4 20.7 ± 2.1 0.004
Radial
SRsys 1/s 2.04 ± 0.5 1.9 ± 0.3 0.68
SRe 1/s 1.8 ± 0.7 2.02 ± 0.5 0.33
SRa 1/s 1.5 ± 0.6 1.4 ± 0.5 0.74
Global strain% 48.4 ± 19.7 46.8 ± 22.1 0.118
Longitudinal
Apical 4 SR
SRsys 1/s 1.1 ± 0.2 1.3 ± 0.2 0.03
SRe 1/s 1.7 ± 0.4 2.04 ± 0.3 0.007
SRa 1/s 1.2 ± 0.4 1.2 ± 0.5 0.6
Global strain% 19.4 ± 2.6 21.4 ± 2.6 0.02
Apical 2
SRsys 1/s 1.16 ± 0.2 1.2 ± 0.2 0.95
SRe 1/s 1.6 ± 0.4 1.9 ± 0.3 0.008
SRa 1/s 1.09 ± 0.3 1.07 ± 0.3 0.8
Global strain% 20.3 ± 2.6 21.7 ± 2.8 0.1
Apical 3
SRsys 1/s 1.1 ± 0.2 1.4 ± 0.4 0.03
SRe 1/s 1.7 ± 0.3 1.9 ± 0.4 0.009
SRa 1/s 1 ± 0.3 1.1 ± 0.4 0.26
Global strain% 17.5 ± 3.7 20.9 ± 3.8 0.01
SR (strain rate), SRsys (systolic strain rate). SRe (early diastolic strain rate), SRa (late diastolic strain rate).
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Table 4 Comparison between different class of obesity as regarding the strain and strain rate parameters.
Average Mild (n= 10) Moderate (n= 10) Morbid (n= 10) P value
Circumferential
SRsys 1/s 1.9 ± 1.2 1.6 ± 0.5 1.5 ± 0.2 0.03
SRe 1/s 1.8 ± 0.6 1.5 ± 0.3 1.5 ± 0.5 0.04
SRa 1/s 0.83 ± 0.2 0.8 ± 0.2 0.83 ± 0.3 0.9
Global strain% 18.7 ± 3.6 17.1 ± 3.1 15.3 ± 2.9 0.04
Radial
SRsys 1/s 2.1 ± 0.5 1.9 ± 0.5 2.2 ± 0.6 0.37
SRe 1/s 1.8 ± 0.5 1.7 ± 0.9 1.8 ± 0.8 0.98
SRa 1/s 1.5 ± 0.5 1.7 ± 0.7 1.2 ± 0.5 0.26
Global strain% 50.3 ± 24.3 47.6 ± 11.9 49.4 ± 14.2 0.9
Longitudinal
Apical 4
SRsys 1/s 1.1 ± 0.3 1.2 ± 0.2 1.06 ± 0.2 0.47
SRe 1/s 1.7 ± 0.5 1.6 ± 0.3 1.6 ± 0.6 0.8
SRa 1/s 1.2 ± 0.5 1.17 ± 0.4 1.09 ± 0.4 0.8
Global strain% 19.9 ± 1.8 18.9 ± 2.1 17.4 ± 3.6 0.04
Apical 2
SRsys 1/s 1.2 ± 0.1 1.3 ± 0.2 1.2 ± 0.2 0.9
SRe 1/s 1.8 ± 0.4 1.6 ± 0.5 1.6 ± 0.4 0.5
SRa 1/s 1.1 ± 0.4 1.1 ± 0.3 1 ± 0.28 0.87
Global strain% 21.8 ± 1.8 19.2 ± 2.9 19.9 ± 2.6 0.07
Apical 3
SRsys 1/s 1.3 ± 0.2 1.2 ± 0.2 1.2 ± 0.2 0.99
SRe 1/s 1.8 ± 0.3 1.6 ± 0.2 1.4 ± 0.3 0.01
SRa 1/s 1.1 ± 0.3 1 ± 0.27 0.9 ± 0.3 0.7
Global strain% 19.3 ± 3.3 17.5 ± 4.1 17 ± 3.8 0.04
SR (strain rate), SRsys (systolic strain rate). SRe (early diastolic strain rate), SRa (late diastolic strain rate).
Table 5 Correlation between PMI and waist circumference
and strain and strain arte values.
BMI Waist circumference
R P value R P value
Circumferential
SRsys 1/s 0.04 0.8 0.002 0.99
SRe 1/s 0.05 0.75 0.08 0.6
SRa 1/s 0.2 0.15 0.1 0.46
Global strain% 0.38 0.01 0.37 0.01
Radial
SRsys 1/s 0.04 0.8 0.13 0.4
SRe 1/s 0.08 0.59 0.12 0.4
SRa 1/s 0.02 0.9 0.05 0.8
Global strain% 0.4 0.08 0.47 0.07
Longitudinal
Apical 4
SRsys 1/s 0.27 0.07 0.2 0.1
SRe 1/s 0.37 0.01 0.36 0.015
SRa 1/s 0.9 0.58 0.02 0.9
Global strain% 0.3 0.036 0.36 0.015
Apical 2
SRsys 1/s 0.02 0.89 0.02 0.9
SRe 1/s 0.09 0.06 0.09 0.57
SRa 1/s 0.04 0.79 0.15 0.3
Global strain% 0.3 0.04 0.37 0.012
Apical 3
SRsys 1/s 0.19 0.2 0.09 0.57
SRe 1/s 0.38 0.01 0.28 0.06
SRa 1/s 0.18 0.2 0.12 0.4
Global strain% 0.28 0.04 0.26 0.08
SR (strain rate), SRsys (systolic strain rate). SRe (early diastolic
strain rate), SRa (late diastolic strain rate).
LV myocardial deformation in obese by speckle tracking 189Koshino et al.28 studied 63 obese individuals, including 28
who underwent bariatric surgery for weight loss and 35 man-
aged conservatively and they found that longitudinal systolic
strain (S) and early diastolic strain rate (SRe) improved signif-
icantly after bariatric surgery; such improvement suggests that
weight loss could improve myocardial performance.
Interestingly, among the obese patient group, the global
strain, systolic (SRsys) and early diastolic (SRe) strain rate
decreased with increasing the degree of obesity in circumferen-
tial and longitudinal directions, where these values were signif-
icantly reduced in patients with morbid obesity compared to
the patients with mild or moderate obesity.
BMI was negatively correlated with systolic strain and
strain rate (SRsys and SRe) in circumferential and longitudinal
directions; this result goes in harmony with Di Bello et al.29
and Wojciech et al.33 who found a similar correlation between
systolic strain and strain rate (SRsys and SRe) and BMI.
Cardiac dysfunction in obesity has been suggested by differ-
ent mechanisms, which include inﬂammatory activation with
cytokine-induced cardio-depressant effects; exaggerated myo-
cardial ﬁbrosis (mediated largely by angiotensin II, aldoste-
rone, and transforming growth factor 1); intracellular lipid
accumulation and lipotoxicity with subsequent cardiomyocyte
apoptosis; neurohormonal upregulation, especially the renin-
angiotensin-aldosterone (RAA) and sympathetic systems.34–36
9. Conclusions
Although EF was not different between obese patients and the
controls, LV longitudinal and circumferential strain and strain
rate by 2D speckle tracking were lower in the obese group in
190 R.I. Yaseen et al.the absence of other comorbidities. This ﬁnding motivates the
physicians to ﬁght obesity even at its early stages.
10. Limitations of the study
Study limitations included a small sample size and the patients
did not undergo polysomnography, which is the gold standard
for the detection of obstructive sleep apnea (which also affects
LV function). Another limitation; we did not take a detailed
history about the duration of obesity which may have an effect
on radial strain. Finally the lack of long term follow up of
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